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DATA SYNCHRCNIZATICN DEJECTION METHOD, INPOeMATICiSr 
RECORDING METFOD, AND INPORMATION REPRODUCTION ^DSTHOD 

BACKGROUND OF THE INVENTICN 

The present invention relates to information 
recxxnUng and reproduction technology and in particular 
relates to techniques that are effective in ^3plication 
to data synciironization detection etc of reproduced data 
in digital data recording/reproduction systems. In more 
detail, it relates to a data synchronization detection 
technique in whicii the Information recording mediim 
format efficiency is inproved by improving data 
synchronization and detection performance without 
employing the conventional data synchronization signal 
pattern (that is "no Sync byte" or "Sync byte less"), by 
implementing data synchronization by means of the 
frequency of occurrence of a specified pattern in the 
reproduced data. 

Conventional data synchronization detection is 
described below with reference to the drawings. 

The conventional method is described taking a 
magnetic disc device as an exaitple. Figure 25 is an 

example of the recording format of a magnetic disc device, 
ttte data are recorded or reproduced in respect of the 
recording meditm at each sector constituting a unit 



1 



storage region. Eadi sector respectively contains a 
FIXLSYNC region 91 for pulling In a FLL (ptiase locked 
loop), a data synctaonization signal 92 for detecting the 
start position of DATA 93 and obtaining a decoding tiining 
signal of modulated code, DATA 93 of the data region in 
vtiich data is actually recorded/reproduced, and, in 
addition, CRC or BCC 94 for error detection and/or 
correction. Between each sector, there is a GAP 95 
constituting a pattern for correctly perf orniing data 
identification of the final data bit and for absorbing 
the various delay times. 

It is well known that accurate detection of the data 
synchronization signal 92 mentioned above is extreniely 
iitportant in subsequeit code deirodulation of DATA 93. 
That is, even if the data obtained by code deirodulation 
in DATA 93 has an extraordinarily good nixriber of errors, 
if an error is made in detection of the data 
synchronization signal 92, vAiich is normally of the order 
of a few bytes, code demodulation of the subsequent DATA 
93 amounting to a few tens to a few hundreds of bytes 
cannot be performed accurately. It Is therefore extremely 
iitportant to perform data synchronization correctly. 

For exanple, Laid-op^ Japanese Patait Publication 
No. H. 10-255400 discloses an example of the oonstniction 
of data syndhconization signal detection means vtihereby 
oarrect data synchronization can be achies^ed even in the 



event of occurrencje of the adverse pSiencmenon kncwn as TA 
("ttieiinal Asperity) , In viiidh waveform fluctuation ocxxirs 
in the data synctoonization signal 92 due to generation 
of heat \f*ien the reproduction head collides with the 
magnetic recording mediixn. As an exanple of this format, 
in respect of Figure 25, an arrangemait is illustrated in 
^vtiich a second, data synctironization signal is 
additionally provided between the aibove CBC or BOC 94 and 
GAP 95. 

Specifically, in the prior art of the above 
publication, in the lead cihannel circuit, the ir^wt data 
passes throu^ an amplifier and AGC circuit before being 
idmtiiied by data identification means such as an 
automatic equalization type priority detection circuit 
and is then sullied to an 8/9 decoder that performs code 
demodulation. If, because of TA as mentioned above, the 
first data synchronization signal 92 cannot be correctly 
identified, a second data synchronization signal is 
detected by looking up identified data stored in the 
memory from GAP 95; from this, the head position of the 
data is found, and data reproduction is performed by 
outputting the identified data stored in the memory to 
code demodulation means such as an 8/9 decoder. 

Also, the specification of USP 5, 844, 920 discloses 
a method for performing data synchronization more 
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reliably by provxding data sync±irDnization signals at a 
plurality of locations. 

suwp^Y OF TOE mjBmiat^ 

With the cxMiventional method, data synchronization 
can be more reliably performed by providing a data 
synchronization signal at a plurality of locations. 
However, the data syndironization signal is not in itself 
information of the user of the magnetic disc device that 
most be stored on the magnetic disc device. Consequently, 
Increasing the portions where the data synchronization 
signal is provid ed lowers the so -called format efficiency, 
which es^xresses the efficiency of utilization of the 
recording medium by the data. 

Also, as the recording density of information of the 
magnetic disc device increases, situations vArLch are 
mdesirable in regard to data synchronization may be 
imagined, such as instances \ftihere the probability of 
occurrence of TA beocmes hi^, instances \Aiere the rate 
of occurrence of defects of the reoordang mediun 
(portions viiere correct recording/reproduction of 
information is partially not achieved) becomes hi^, or 
instances viiere signal quality is adversely affected by 
noise during data recording/reproduction. Such 
Gitxamstances can be coped with by iitproving the data 
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IcJentlf ication performance by iirprovanents In signal 
processing of the data or ty jnprovemgnts in data error 
correction c^)ability by using error correction code. Oa 
the other hand, in regard to the data synchranization 
signal, in order to maintain or iinprove the detection 
rate of the data synchronization signal, consideration 
may be given to increasing the regions of the data 
synchronization signal; however, this tends to Icwer the 
format efficiency, as mentioned a3x>ve. 

As described above, if there is an error in the 
detection of a data synchronization signal at the head of 
the data (it is not detected in the correct position or 
is detected in an erroneous position) , there is the 
technical problem that this constitutes not meirely a 
detection error in the data synchronization signal but 
also results in error in all the f ollcwing several 
hundred bytes of code demodulation, thereby severely 
lowering the overall error rate. 

According to a feature of the present invention, 
detection errors can be reduced when data synchronization 
detection is performed. 

Also, according to a further feature of the present 
invention, detection performance in data syncihronization 
is improved in correspondence with improvement in the 
reproduction performance of the data section, or by more 
than this. 



In addition, according to a further feature of the 
present invention, the fontat efficiency of the 
information-recording mediim is linproved. 

In addition, according to a further feature of the 
present invention, there can be provided a data 
synchronization detection device with little detection 
error and, furthermore, an inEomnation 
recxxrding/reproduction desvice equipped with this . 
According to the present invention, data 
13 synchronization detection is performed ijsing the code- 

O modulated data itself. Specifically, using a specified 

y bit sequ^ice pattern that is not generated in a specified 

iZ phase of the data ocxaeword, by the conversion law during 

rj code modulation (or there is a sfpecif ied bit sequaice 

U= pattern that is generated only in a specified phase of 

G the codewoird) ; the positions of the data codeword 

partitions are idmtif ied by counting specified bit 
patterns generated in the data codewords at each phase 
(bit). 

For this purpose , according to the present invoci tion, 
a format is eitplqyed constituted by FIjO_SaSfC, DATA, ECC 
and GAP as a bundled sector. Ihere is therefore no need 
to eitplcy a data synchronization signal as conve ntionally, 
and the format efficiency can also be improved. Also, 
data synchronization can. be achieved in the same way at 
any time so long as the identification performance of the 



repaxduction data can be ensured, by arplqylng reproduced 
idaitif ied data. 

Furthermore, in order to iirplemait data 
syndhronization reliably on reproduction, a specified bit 
sequence pattern nust be included in code modulation and 
scrarriblea: selection is performed in order to apply 
scrambling such as to enable recording of data in a 
condition in which data syndhronization detection 
performance can be guaranteed. 

Moreover, data position specification is also 
possible and for this purpose pattern correlation with 
the KXLSyNC section and GAP section is detected. 

BRIEF DESCRIFnCN OF TOE DRAWINGS 

Figure 1 is a diagram illustrating an exarrple of the 
construction of a data reproduction systen including data 
syncOiTOnization detection means according to an 
esiibodiment of the present invention; 

Figure 2 is a diagram illustrating a modified 
exanple of the construction of a data reproduction system 
including data synchronization detection means according 
to an embodiment of the present invention; 

Figure 3 is a diagram givm in es?)lanatian of the 
principles of operation of data syndhnonization detection 



means acx^ording to an eitflxxliinesnt of the present 
invention; 

Figure 4 is a diagram given in ei55)lanation of the 
action of preparatory processing on reoDrding 
corresponding to data synchronization detection means 
according to an embodiment of the present invention; 

Figure 5 is a diagram given in e55)lanation of an 
exarnple of the action of synchronization detection on 
reproduction of data synchronization detection means 
according to an embodiment of the present invention; 

Figure 6 is a dirigr^ in given in ej^lanation of a 
exanple of a method of data position detection during 
reproduction of data synchronization detection means 
according to an embodiment of the present invention; 

Figure 7 is a dT^g r>gTi given in explanation of a 
mcDdif ied exarnple of a method of data position detection 
on reproduction of data synchronization detection means 
according to an embodiment of the presoit invaition; 

Figure 8 is a dTag r^i'Ti given in explanation of a 
modified exanple of the data position detection method on 
reproduction of data syndhronizatian detection means 
according to an embodiment of the present invention; 

Figure 9 is a fl^;=^grHITl given in e55)lanation of a 
modified example of the data position detection method on 
reproduction of data synchronization detection means 
according to an embodiment of the present invention; 
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Figure 10 is a diagram given in esj^lanation of a 
modified example of a method of data position detection 
on TA. detection during reproduction of the data 
synchronization detection means according to an 
embodiment of the present invention; 

Figure 11 is a diagram illustrating an example of 
the internal construction of data synchronization 
detection means according to an embodiment of the present 
Invention; 

Figure 12 is a diagram illustrating a modified 
exanple of the internal construction of data 
synchronization detection means according to an 
embodimimt of the present invention; 

Figure 13 is a diagram illustrating a modified 
exartple of the internal construction of a bit shift 
circuit employed together with data synchronization 
detection means according to an entoodiment of the present 
invention; 

Figure 14 is a timing chart illustratljig an exanple 
of the sequence on data recording corresponding to data 
synchronization detection means according to an 
embodiment of the present invention; 

Figure 15 is a timing chart illustrating an example 
of the sequence on data reproduction correspondiJig to 
data synchronization detection means according to an 
enhodiment of the present invention; 
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Figure 16 is a timing cihart illustrating a modified 
example of the sequence on data recxDrding t^orxespondlng 
to data syncihronizatiQn detection means according to an 
embodiment of the present invention; 

Figure 17 is a timing cihart illustrating a modified 
example of the sequence on data reproduction 
corresponding to data syncihronization detection means 
according to an entoodiment of the present invention; 

Figure 18 is a diagram giving in es5)lanation of an 
example of the data format and signal waveform on a 
mediun corresponding to a data syncihronization detection 
technique according to an embodiment of the present 
invention; 

Figure 19 is a block diagr a ti given in ej^lanation of 
an example of the circuit layout of a magnetic disc 
device wherein the data syndhronization detection 
technique according to an errbodiment of the present 
invention has been applied; 

Figure 20 is a block diagram given in es^lanation of 
a modified exarrple of the circuit la^yout of a magnetic 
disc device to which the data synchronization detection 
technique according to an embodiment of the present 
invention has been applied; 

Figure 21 is a block diagram given in e55)lanation of 
a modified example of the circuit lacyout of a magnetic 
disc device to which the data synchronization detection 
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tedhnique acxxji^tlLng to an arflDodiment of the present 
invention has been applied; 

Figure 22 is a block di agram given in ej^lanation of 
an example of the overall cx^nstrviction of a magnetic disc 
device to which the data syncihronization detection 
technique according to an eiribodlinent of the present 
invention has be^ ^jplied; 

Figure 23 is a flow chart illustrating an exanple of 
the action on data recording with the data 
synchranization detection technique aooording to an 
entoodiment of the present invention; 

Figure 24 is a flow chart illustrating an exanple of 
the action on data reproduction with the data 
synchronization detection technique acxxsoling to an 
enibodlinent of the present invention; and 

Figure 25 is a diagram given in ej^lanation of the 
data format layout according to the prior art. 

DESCRIPnCN OF THE PREFERRED EMBCX>IMEMrS 

An eiribodiinent of the present invention is described 
in detail below with reference to the drawings. 

Figure 18 is a view illustrating a format etc 
according to the present invaition. On magnetic disc 211 
on which the information is recorded, there are provided 
concentric circular tracks 21; in tracks 21 there are 
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sectors 22 csonstituting the inf onration 
storage/repcoduction units. A sector 22 ooiprises 
PLO_SYNC 91, DATA 93, BCC 94 and GAP 95. In this case, 
the conventional data syndhronizaticn signal is absent, 
and PIXLS^ 91 and DATA 93 are adjacent. TbB bottom 
portion of this Figure illustrates an example of the data 
reproduction waveform from the reproduction head. Hiis is 
the reproduction wavefom 23-1 of the front portion of 
sector 22 fran FlD_sm: 91 to DATA 93 and the 
reproduction waveform 23-2 of the rear portion of sector 
22 from ECC 94 to GM^ 95. Althou^, to facilitate 
understanding, the reproduction waveform 23-2 vAiicJi is 
here illustrated is a PIjO_SXNC form wavef oim in GM> 95 to 
wiiicih no scaiantoling has been ^plied, any desired 
waveform, to whicJi scrarribling has be^ applied, could be 
enployed. 

Figure 1 shows an example of the construction of a 
data synchronization detection device employed in an 
information recording and reproduction device of a format 
of this form, in whidi a data syncihronization signal is 
not used. The ir^t data 11 is ii^t to data 
identification means 1. Data identification means 1 
performs data identification of ii^t data 11 and ir^wts 
the data identification output to serial/parallel 
ccoversion means 5. Serial/parallel conversion means 5 
outputs the data idimtif ication output with a bit width 
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matcMng the cxDde modulation bit vddth, and respectively 
inputs this to memory 2 and data syncihrQnization 
detection means 3. Tlie reproduced idaitiEied data 
corresponding to KXLSflSfC 91, DATA 93, ECC 94, and GAP 95 
are successively held in memory 2. 

In this erribodiment, data synciiconizatiQn detection 
means 3 detects the nunber of occurrences of a specified 
bit sequence pattern at each position, and from this 
result detects the code-modulated code»gorxi divisions of 
the r^jroduoed data, and outputs this as data phase 
detection output 12. It also finds the correlation 
between the PIiO_SYNC pattern of the front part of the 
identified data and the GAP pattern of the rear part of 
the idaitif led data and thereby detects the position of 
the codeword for which these patterns best coincide, and 
outputs this as the data position detection output 13, 

Memory 2 inputs the data position detection output 
13 from data syndmonization detection means 3; the 
identified data held in memory 2 is output from the 
position corresponding to the data starting position and 
is then input to bit shift circuit 4. 

Bit shift circuit 4 outputs identified data in 
codeword units by performing bit shift such as to match 
the codeword divisions by data phase detection output 12 
sillied from data synchronization detection means 3, and 
ii^juts these to code demodulating means 6. Code 
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(lenocialatiiig means 6 performs cxx3e demodulation 
cx)rxe£fponding to the cx)de modulation performed during 
information rec»rding, and outputs the result as output 
data 14. 

In order to explain these actions, whether or not a 
specified bit sequence pattern is gaierated at each phase 
in the demodulation codeword will be described losing 
Figure 3. UrLs will be described taking as an exanple the 
8/9 (0, 4/4) conversion, in which 8-bit data is converted 
to a 9-bit codeword as disclosed in USP 4, 707, 681. In 
the i^ppermost part of Figure 3, nmiDers 1 to 9 indicating 
the bit width of codewords are set out. Ihe codeword 
divisions are before 1 and between 1 and 9. No. 1 to No. 
9 represait the conditions of each phase in the codesmrA 
in regard to bit sequence patterns in vihicii there are 
three conseoitive zero bits. Ohat is, the nine phases are 
respectively indicated such that No. 1 represents the 
case v*iere the position of the first 0 in a pattern with 
three consecutive zero bits is at the phase of codeword 1 
and No. 2 represents the case v*iere the position of the 
first 0 in a pattern with three consecutive zero bits is 
at the phase of codeword 2. Since in these codewords a 
succession of four zero bits is permitted, it would in 
principle be e55)ected that no problems would be caused ty 
generation of bit sequmoe patterns of three consecutive 
zero bits at any location. However, in the construction 
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of these cxx3ewords, the nariber of c»nsecative zero bits 
at the terminal portions of the csodewords Is restricted 
to no more than two bits. Consequently, at the position 
of Nb» 1 \diere three zero bits are represented at the 
front codeword terminal, and at the position of No. 7, 
where three zero bits are represented at the rear 
cxx3eword terminal, patterns of three consecutive zero 
bits cannot be generated. Whether or not three 
consecutive zero bits can be generated in this way is 
indicated for each phase in the ri^t-hand colixnn. 

Likewise, in the case of No. 10 to No. 18, the 
condition of each phase in the codewords is indicated in 
respect of bit sequence patterns in \f*u.ch there are three 
consecutive zero bits at a one-bit interval. In this case, 
* represents any bit i.e. the bit can be either 0 or 1. 
Tliat is. No. 10 illustrates the case ^diere the position 
of the first 0 in the pattern viiere there are three 
consecutive zero bits at a one-bit interval is at phase 1 
of the codeword and No. 11 illustrates the case v^iere the 
position of the first 0 in the pattern v^iere there are 
three consecaitive zero bits at a one-bit interval is at 
phase 2 of the codeword; these are respectively shown for 
the nine phases. Since this codeword permits four 
consecutive alternate bits to be 0, In principle, it 
would be expected that bit sequmce patterns in ^fAn.ci^ 
three consecutive alternate bits are 0 should be allcwed 
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to cxxair at any location. Howevea:, in the cxx3eword 
cxDnstruction, the number of alternate bits viiicii can be 
consecutively 0 is restricted to not more than two bits 
at the codeword, terminals. Thus, at the positions of No. 
10 and No. 11, whicih represent cases \ft*iere three 
consecutive alternate bits are 0 at the front terminal 
portion of the codeword, and at the positions of No. 13 
and No. 14, whidh represent cases where three consecutive 
alternate bits are 0 at the rear terminal portion of the 
codeword, patteams in which three alternate bits are 
consecutively 0 cannot be gmerated. Whether or not three 
alternate bits which are 0 can be consecutively generated 
in this way as indicated for each phase in the ri^t-hand 
colTim. 

Likewise, at No. 19 to No. 27, the conditians of 
each phase in the codewords for bit sequ^oe patterns in 
which there are four successive zero bits are indicated. 
Since only four bits can be consecutively 0, the bits at 
both ends will always be 1, so these are represented as 
'100001'. Hiat is. No. 19 illustrates the case where the 
position of the first 1 in the pattern '100001' is at 
phase 1 of the codeword and No. 20 illustrates the case 
where the position of the first 1 in the pattern '100001' 
is at phase 2 of the codeword; these are respectively 
shown for the nine phases. Since in these codewords a 
succession of four zero bits is permitted, it would in 
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pErijiciple be expected that no problems would be caused by 
generation of bit sequencse patterns of four consecutive 
zero bits at any location. Hcwev^er, in the construction 
of these codewords, the rairiber of consecutive zero bits 
at the teraiinal portions of the oodeswords is restricted 
to no more than -bwo bits. Consequently, at the position 
of No. 26 where three consecutive zero bits are 
represented at the front codeword terminal, and at the 
position of No. 27, vghere four consecutive zero bits are 
represQited at the front codeword terminal, and at the 
position of No. 24, where three consecutive zero bits are 
repiiesented at the rear codeword terminal, and at the 
position of No. 23, \Aiere four consecutive zero bits are 
represented at the rear codeword terminal, patterns of 
four consecutive zero bits cannot be generated. Whether 
or not four consecutive zero bits can be generated in 
this way is indicated for each phase in the ri^t-hand 

COllMl. 

Finally, at No. 28 to No. 36, the conditions of each 
phase in the codewords for bit sequence patterns in v*iich 
four alternate bits are successively 0 are indicated. 
Since only four alternate bits can be consecutively 0, 
the bits at both ends will always be 1, so these are 
represented as '1*0*0*0*0*1*. Tliat is. No. 28 illiastrates 
the case where the position of the first 1 in the pattern 
•1*0*0*0*0*1' is at phase 1 of the codeword and No. 29 
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illustxates the case where the positioa of tl:^ f ixst 1 in 

the pattern '1*0*0*0*0*1' is at phase 2 of the oodeword; 

these are respectively sihown for the niae phases. Siace 

in these codewords a succession of four alternate zero 

bits is permitted, it would In principle be e55)ected that 

no problems would be caused by geiieration of bit sequence 

patterns of four alternate zero bits consecutively at any 

location. However, in the constr uction of these codewords, 

the nuitoer of consecutive alternate zero bits at the 

terminal portions of the codewords is restricted to no 

more than two bits. Consequmtly, at the positions of No. 

33 and No. 34 where three alternate zero bits are 

consecutively represented at the front codeword terminal, 

and at the positions of No. 35 and No. 36, where four 

alternate zero bits are consecutively represented at the 

front codeword terminal, and at the positions of No. 29 

and No. 30, where three consecutive zero bits are 

represented at the rear codeword terminal, and at the 

position of No. 28 {No. 36 is cannon with the front 

codeword tentiinal) , where four alternate zero bits are 

consecutively represented at the rear codeword terminal, 

patterns of four alternate zero bits cannot be 

consecutively generated. Vihether or not four alternate 

zero bits can be consecutively g^erated in this way is 

indicated for each phase in the ri^t-hand colunn. 
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Ihus, in the case of 8/9 (0, 4/4) conversion, it can 
be seen that theare are positions vAiere the four patterns 
'000', "100001', '0*0*0', and '1*0*0*0*0*1' cannot be 
generated. 

Althou^ hereinabove 8/9 (0, 4/4) conversion was 
tatom as an example, the same situation arises in the 
case of other code conversions. Also, this is not 
restricted to cases ^where the coding factor is 8/9 but 
^jpllBs likewise to 16/17 conversion or 32/33 conversion 
or 64/65 conversion code modulation. Alternatively, code 
modulation can also be achieved choosing special patterns 
and positions where only specific phases are generated, 
such as to be ^3plied to pattern synchronizatian 

detection according to the prese nt inviKition. For example, 
regarding the No. 4 pattern and phase, only four such are 
present in 256 codewords, but, by changing the selection 
of codewords enployed, this can be increased to ei^t. 

Next, the data synchronization detection action 
during information recording will be described xjsing 
Figure 4. An exanple in which data synchronization is 
performed using a pattern in whicOi three alternate bits 
v*iic±i are 0 are consecutively generated for 8/9 (0, 4/4) 
conversion will be described. No. 1 to No. 9 indicate 
respective bit sequence patterns in a modulation codeword 
sequence corresponding to No. 17, No. 18, and No. 10 to 
No. 16 of Figure 3. Just as in the case for Figure 3, 
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numsGcals 1 to 9 represent the bit widths of the cxDdewords, 
and the cxDdeword division is takm between 1 and 9. Also, 
* represents any bit i.e. the bit can be either 0 or 1. 

In the following sequence, the nurtoer of occurrences 
of the '0*0*0' bit sequence pattern in each modulation 
codeword phase during recording of information is 

represented by nimerical values and a histogram. As shown, 

Mb. 1 to No. 9 have respective values 20, 37, 0, 0, 24, 0, 

0, 25 and 20. In this case, the bit pattern '0*0*0' is 

not generated at the No. 3, No. 4, No. 6 and No. 7 

positions. Since the division positions of the modulation 

codewords on recording are known, the positions v*iere 

their values are 0 are fixed. In this condition threshold 

values are provided for the positions \f*iere the values 

are other than 0, that is for the values of No. 1, No. 2, 

No. 5, No. 8 and No. 9, these being determined such that 

data synchronization detection on reproduction can be 

achieved. The threshold values are values for deciding 

the nxxriber of occurrences of the pattern in each phase, 

and are found statistically: they can be set to values 

that may be chosen at will or can also be altered as 

parameters; the decision conditions may be strictly set 

or may be loosely set. For example, if a threshold value 

of 12 is set, there are only the four locations i.e. the 

0 portions, ^*iere this threshold value is not exceeded, 

the minrnim value of all the other locations being 20; 
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thus the threshold value is exceeded by at least 8 in all 
these cases, so that a sufficient margia for use is 
provided. However, if the threshold ocaidition is set 
strictly at 21 or more, there are then a total of six 
locations in viiich the threshold value is not exceeded, 
namely, the four zero portions and the locations No. 1 
and No. 9 vAiere the value is 20; the margin for data 
synchronization detection on reproduction therefore 
becomes small and it is therefore not possible to use 
siich a setting for recording. As will be described later, 
such a situation can be overcome by altering the 
scrantoler* If the threshold value set is excessively 
strict, the nutiber of sarantoler candidates on recording 
will be increased; if the value set is excessively loose, 
performance on data synchronization detection during 
reproduction will be adversely affected; it should 
therefore be variable in an appropriate range of values. 

The threshold value that is set depends on the 
mxriber of allowed errors on reproduction; as a practical 
value, about 5 to 10 is satisfactory, There is a risk of 
data synchronization detection becoming iiipDssible \*3en 
errors occur, either such that the miriber of detections 
at the position v*iere the error occurs is decreased due 
to the occurrence of an error at the position v*iere this 
bit sequence pattern is present, or such that occurrence 
of an error maikes the bit sequence pattern af^pear at a 
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position vfhBTB this bit sequence pattern was not 
genemted. Ihis may happen either vtien 5 to 10 such 
enroTS are generated concentrated in at least a single 
phase or when the total of the nuiiber of errors generated 
in positions where this bit sequence pattern was presoit 
and the number of errors generated in positions vtere 
this bit pattern was not present is 5 to 10. Considering 
the average case, this means that a few tens of errors 
are generated in respect of this bit sequoice pattern; 
also, considering that errors are also generated that 
have no connection with the irfxit sequence pattern (i.e. 
are not connected with errors involving either g^ieration 
or loss of the bit sequence pattern '0*0*0'), a nuttoer of 
errors greater than this will be generated. The 
eKoellenoe of the data synchronization detection 
performance obtained with the present invention can 
thereby be appreciated. 

The values in the ri^t-hand column of Figure 4 are 
obtained by arithmetical processing of total values of 
the bit sequence pattern on recording; in this way, 
determination of the threshold value is simplified, and 
better performance is ensured. Specifically, in the 
method of determination which is illustrated, the values 
are generated by adding up the nvniber of occurrences of 
the bit sequence pattern at four phases, the locations 
which are zero being counted at a single location, so 
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that the miiiirnum values other than zero are at or above 

the threshold value. Tliis will now be described ±n detail. 

Since the values of No. 3, No. 4, No. 6, and No. 7 shown 

In Figure 4 are zero, their sum is also zero and this is 

entered in the position of No. 5. Next, the sun of the 

values of No. 4, No. 5, No. 7 and No. 8 is 49, and this 

is entered at the position of No. 6. As a result of 

perforniing this processing nine times, the respective 

values 82, 40, 81, 61, 0, 49, 69, 40 and 82 are ^tered 

at No. 1 to No. 9. TIcib No. 5 position is always zero, so 

the itdniiain values other than this may be ccnpared with 

the threshold value. In fact, it is sufficient to ocxrpare 

the threshold value and the values of the positions other 

than No. 5. 

Let us now consider the situation when 40 is 
obtained for the miniimm value at the positions other 
than No. 5. Hiis may be understood as es^aressing the fact 
that the range of setting the threshold value can be made 
wider than in the case described above. Also, cases v*iere 
the result of the determinatian is that [the medium] is 
no longer usable (nuiiber of times that scrarttoler 
selection is repeated on data recording, taking into 
account ease of data synchronization detection on 
reproduction) also deci^ease. 

In this way, a method of determination whereby 
perf omence can be further Inpxved may be applied by 
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f iiist of all finding the values of the natber of 
ocxaarrenoes of the bit sequaice pattern (nuriber present) 
in the respective phases, then performing a calculation 
utilizing these • Various applications are therefore also 
possible ^>art from the method described herein. For 
example, it would also be possible to find for each of 
the nine piiases, by a similar ocxtibination, the total of 
the locations of the phases vi^ere the bit sequaice 
patterns of No. 1, No. 2, No. 5, No. 8, and No. 9 are 
present, and to detect modulation codeword division by 

the maxtatm value thereof. In addition, a method is also 
possible in \f*iiGh the difference of the sim of No. 1, No. 

2, No. 5, No. 8 and No. 9 and the sum of No. 3, No. 4, No. 

6, and No. 7 is found for each of the nine phases by a 

similar conbination, and modul ation codeword division 

detected fron the location of maximum difference. 

Next, the data synchronization detection action in 

the case of reproduction of recorded information will be 

described using Figure 5. In this case also, in the same 

way as in Figure 4, an exanple of data syncihronization is 

described tising a pattern '0*0*0' (where * indicates any 

bit i.e. 0 or 1) of three alternative bits vAiich are 

consecutively zearo for 8/9 (0, 4/4) conversion. 

The first colum of No. 1 to No. 9 shows the nine 

phases of the patterns of three alternate bits vMcti are 

consecutively zero when performing data synchronization 
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detection. Since this is reproc3uction, the correct 
ircxaulation ooc3eword divisions cannot be ascertained until 
data syncteonization detection can be achieved. Hiat is, 
only the bit vd.dth phase corxesfponding to the modulation 
codewords when an identified repcroduced data bit sequoice 
is input is displayed. Ihe nunerals 1 to 9 indicating the 
bit width of tbB modulation codewords are listed; the 
interval between 1 and 9 constitutes the partition of the 
modulation codewords during ir^t. 

The nejd: colixm indicates the nurtter of occurrences 
of '0*0*0' bit sequence patterns and the phase of each 
modulation codeword on reproduction of information, as 
the value thereof and a histogram. This shows that No. 1 
to No. 9 respectively have values: 16, 11, 11, 28, 9, 9, 
15, 9 and 9. Data synchronization detection may be 
performed by analyzing this histogram and specifying the 
phase of the modulation codeword. However, in this 
example, data syndhronization detection is difficult to 
perform using a threshold value. That is, if 9 is chosen 
as the threshold value, the locations that do not exceed 
9 are: No. 5, No . 6, No. 8 and No. 9, and the position No. 
7 can be identified as being the middle bit of the 
codeword. Likewise, if 10 is chosen as the threshold 
value, the locations that do not exceed 10 are No. 5, No. 
6, No. 8 and No. 9, and the position of No. 7 can be 
Identified as being the middle bit of the codeword. 
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However, if 11 is selected as the threshold value, the 
locations that do not exceed 11 are No. 2, No. 3, No, 5, 
No. 6, No. 8 and No. 9, and the partition of the codeword 
cannot be identified. Likewise, if 8 is diosen as the 
threshold value, there are no locations that do not 
ejcoeed 8, so the partition of the codeword cannot be 
idesntified. 

AooonlLngly, in the follcwing example, the sun of 
the values at four locations is takai, in the same way as 
when recording. Tlie sum of No. 1, No. 2, No. 4, and No, 5 
is 64, and this is entered at the location of No. 3. Bie 
sun of No. 2, No. 3, No. 5, and No. 6 is 40, and this is 
entered at No. 4. Repeating this process 9 tines, for No. 
1 to No. 9, the respective values 40, 64, 64, 40, 63, 61, 
36, 49 and 51 are obtained. Uie mininun of these is No. 7, 
vAiicih is 36; the mcx3ulation codeword partition can 
therefore be specified using this. In the case of Figure 
4, the miniiam value corresponds to the middle bit of the 
9-bit modulation codeword; if the same procedure is 
adopted in this case. No. 7 beccmes the middle bit of the 
modulation codeword; thus the partition of the modulation 
codeword sihould be between 4 and 5 of the bit width phase 
corresponding to the length of the modulation codeword 
whm ir^tting the initial bit sequence. In this 
connection a miniiiixn value is sou^t: the requirements 
for this are that it should be a single smallest value, 
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the d±f f erenoe between this and the next smallest value 
being at least 1. 

As an exannple of the case of such reproduction, let 
us assuie that recording was performed in accordance with 
Figure 4 and that, on repx)duction, nine errors occur in 
the pattern relating to all of the phases, these being 
such as to adversely affect the detection condition (i,e» 
such that [the condition] is generated vAiere it cu^t not 
to be generated and is lost where it ou^t to appear) . 
That is, this is a situation in whidi 45 errors have been 
generatedo It is found that even in these drcunstances, 
it is possible to correctly detect the partition position 
of the modulation codewords and to obtain good detection 
performance. 

In this way, even on reproduction, it is possible to 
^ply a method of idaiti±ication whereby performance can 
be further improved, by first of all finding the values 
of the nuriber of occurrences of the bit sequence pattern 
in the respective phases and then performing calculation 
utilizing these. Various applications other than the 
method described up to this point are therefore possible. 
For exannple, a method is also possible in vArLch the sun 
of the bit sequQioe patterns of No. 1, No. 2, No. 5, No. 
8, and No. 9 present at the locations are found by the 
same kind of ocutDination for the nine phases and the 
partitions of the modulation codewords detected by the 
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maxiiron value thereof. Furthermore, a method is also 

possible iQ \fghicii the difference of the sun of No. 1, No. 

2, No. 5, No. 8 and No. 9 and the sun of No. 3, No. 4, No. 

6, and No. 7 is found for the nine phases by the same 

cxxribination, and the partitions of the modulated 

cxDdewords are detected from the locations v*iere the 

difference is an maxiiron. 

Furthemore, althou^, in Figure 4 and Figure 5, the 
description of an 8/9 (0, 4/4) conversion was given using 
the pattern '0*0*0' (where * indicates an arbitrary bit 
i.e. 0 or 1) in which three alternate zero bits are 
consecutive, as shewn in Figure 3, apart from this, three 
other types of bit sequmce pattern can also be emplx^yed 
for 8/9 (0, 4/4) conversion and it would also be possible 
to enplqy respec tive bit sequenc e patterns; alte matively, 
a plurality of patterns could be used in combination. Of 
course, if the bit sequence patterns enplcfyed are 
increased, the scale of the calculation cirorLtry 
increases, but it is also possible to irrprove detection 
performance. 

Next, a data position detection method will be 
described using Figure 6. llie row at the top indicates 
the output of an ML (maximLin priority decoding means) 
whidh is the output of data idmtiEication. Since at this 
point the partition position of the modulation codesflord 
is not known, the partition of FLDSYNC 91 and DATA 93 
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and the partition of the nodulation csocSeword do not 

cxDincd.de. Qf cx>urse. In fact, the partition of FLO_SYNC 

91 and DATA 93 is also in an unknown condition, Hiis ML 

output is subjected to phase detection for data 

synchronization detection to detect the partition of the 

modulation codeword. Whai this is done, the partition 

position of the modulation codeword is ascertained, and 

also coincides with the partition of P1jO_SXNC 91 and DATA 

93. The assured data sequence that is output from the bit 

shift circuit in such a conditio n is the bit shi ft output. 

In fact, after data position det ection has been performed, 

only the data section is output f rem the bit shift 

circuit, so, at this point, it may be assimed that output 

is obtained frcm PIjO_SYNC 91 up to GAP 95. 

In order to perform data position detection, the 
PIO_SYNC 91 pattern (known pattern employed v*ien writing) 
and the bit sequence pattern of the bit shift output, and 
pattern of GAP 95 (known pattern enployed v*ien writing) 
and the bit sequence pattern of the bit shift output are 
respectively subjected to pattern ccrparison. Hiis case 
is an example in v*iich ccrparison is effected of amounts 
corresponding respectively to three codewords. Seven 
phases where data position detection is performed are 
illustrated; the way in which this is done is illustrated 
at No. 1 to No. 7. The positions where pattern corparisan 
is effected are positions remote from DATA 93 and EOC 94. 
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Bie rairiber of bits tliat c»iiicide in the respective 

pattern cxxtparisons is indicated in the ric^t-ha nd border. 

Tliese nuribers are respectively 47, 49, 51, 54, 49, 47 and 

46 for No. 1 to No. 7. Data position detection is 

performed vising the maxiiajti position of the nii±>er of 

bits that coincide obtained by these pattern cannparlson 

results. In this case, this is therefore position No. 4. 

In the example of the format of Figure 18, in order 
to facilitate understanding, the pattern of GM> 95 is 
taken as being the same pattern as PL0_S5flSfC 91, but, so 
long as the bit sequeace pattern that is written is known, 
it could be any pattern. 

Also, althou^ the method could be adopted of 
corparlng each bit in regard to the ML output, if this is 
done, due to the condition of the DATA bit sequence 
pattern, identification is difficult to achieve evai in 
the vicinity of the correct position. Accordingly, 
detection accuracy can be ensured by eirploying the 
position detection output for data syncihronization 
detection. 

In this case, in conformity with the embodiment 
described above, in the example of a 9-bit codeword, in 
the identified data that is stored in memory, it is 
assumed that sufficient amounts (a plurality of 
codewords) are stored in regard to the FUDSWC 91 and 
GAP 95 portions; data position detection for data 
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synchronization detection is necessary. However, for 
example vtoere, as in 64/65 conversion, the modulation 
codeword is long, in the case of an arrangement in v*iicih 
the causes of fluctuation of tinning with vAiidh identified 
data are stored in memory (for example fluctuation of the 
speed of the motor that rotates the magnetic disc or 
fluctuation of the gate signal for reproducing the data) 
can be restrained to fluctuations shorter than 65 bits, 
the data position becones self-evident frcm the results 
of ptiase detection of the data synchronization detection, 
so this is unnecessary. 

Figure 7 shows another data position detection 
method. In this case, for data position detection, , apdoot 
from respective pattern oornpacison of the pattern of 
PLO_SXNC 91 with the bit sequence pattern of the bit 
shift output as well as the pattern of GAP 95 vnLth the 
bit sequaice pattern of the bit shift output, pattern 
ccnpacison is also performed in respect of the DATA 93 
and ECE 94 portions \diich are immediately on the inside 
of these, using the same pattern as for outside. That is, 
the bit sequence pattern of the bit shift output of the 
portion corresponding to DATA 93 is ocnpaced with the 
PLO_syNC pattern and tte bit sequence pattern of the bit 
shift output of the portion corresponding to ECC 94 is 
cdtpaced vri.th the GAP pattern. These correspond to the 
portions indicated by broken lines in the Figure. In this 



31 



case, this will be assumed to be the GAP pattern, which 
is of PLD_S5^NC pattern form, indicated in Figure 18. Ihe 
mniber of coinciding bits for the portion outside DATA 
which has been subjected to pattern corparison and the 
partion inside this are found, and the differmce of 
these is found. Detection accuracy can be increased 
conpared with the case of the example illustrated in 
Figure 6 poneviously, by data position detection using the 
position at which this difference is a raaxiirixti. In this 
exartple, data position detection was achieved at the 
position of No. 3, where the difference is 12. 

That is, this is because the difference of the 
result of the determination of the solid line portion of 
Figure 7 in whicih a conparison of the nuriber of 
coincident bits is performed between the known PljO_SasiC 
91 and GAP 95 at the interval of the length of DATA 93 
and EGC 94 and the result of the determination of the 
broken line portion, in whidi a conparison of the mxriber 
of coincidmt bits betwe^ the known PIO_SaSK: 91 and GAP 
95 is likeawise performed immediately on the inside 
thereof is a maximLin viim the ccnparlson position of the 
outside, solid line portion coincides with the boundary 
portion of FLO_SYMC 91 and DATA 93 i.e. at the point 
where the true data position has been detected. 

Figure 8 shows yet another method of data position 
detection. In this case, detection is performed using all 
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of the portions outside the DATA 93 and ECC 94 portions 
for data position detection. In this case, caution is 
required, since detection performance is lowered if, as 
the reproduction wacvef orm in the identified data of GAP 
95 stored in memory, identified data of a discontinuous 
portion (reproduction waveform of a write portion vihich 
is actually discontinuous) are stored. In this case, 
detection performance can be raised by eirplqying the 
usable portion of the PLO_SXNC pattern and GAP pattern to 
the maxiimn limit. In this exarrple, since the value of a 
maximan value of 108 is indicated at position No. 6, data 
position detection is performed at this position. 

Also, in the same way as in Figure 7, pattern 
oorparison can be performed also for the DATA 93 and BX 
94 portions viiicih are iirmediately on the inside of the 
FlJOiSmC pattern and GAP pattern. Ihis case also is a 
situation in which the bit sequence pattern of the bit 
shift output of the portion corresponding to DATA 93 and 
the FUDlS^ pattern are ccmpared, and the bit sequmce 
pattern of the bit shift output of the poirtion 
corresponding to EOC 94 and the GAP pattern are ccirpared. 
Ihe difference between the comparison result of the 
FWlSWC pattern and the GAP pattern and the comparison 
results in respect of the DATA 93 and ECC 94 portions may 
then be found, and the location at which this is a 
maximm used for data position detection. 
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Figure 9 shows yet anotlier data position detection 
method. In tMs case, FLD_smc 96 is provided at scxne 
position in DATA 93 as a data position detection pattern 
for data position detection, and data position detection 
is performed by data ocitpanson of three locations. In 
order to facilitate understanding, the data position 
detection pattern is assimed to be the same pattern as in 
the case of PIO_SYNC 91, but, so long as the written bit 
sequence pattern is known, any type of pattern could be 
enployed. Tliis may be a pattern such as is not generated 
in code modulation. In this example, the value of maxijiun 
value 54 is indicated at position No. 4, so data position 
detection is performed at this position. Further 
inprovements may be made in this case, using the same 
concepts as in Figure 7. 

Figure 10 shows a data position detection method in 
the case where TA occurs in front of the sector, in the 
case of the construction of Figure 9. Althou^ TA has 
been referred to here, apart from TA, this could be any 
signal lowering the detection quality of the reproduction 
waveform, or could be the quality of the decision 
information vhen effecting data identification. Ihe fact 
that TA has occurred in front of the sector is identified 
by means of the TA detection signal; its position is 
within the range of pattern ocmparison with the PIXLSXISfC 
pattern for data position detection, so data position 
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detection is pecf ontied by pattern cxxrparison of the 
FLO_SflSfC 96 portion in DATA 93 and pattern ocnparison of 
GAP 95, instead of performing pattern cxxtparison with the 
PUO_SXNC pattern in the header (shown by the broken line 
in the Figure) . Hiat is, in order to perform data 
position detection, pattern oarparison is effected at two 
locations of the three pattern ccmparison locations. In 
this exanple, a value of the maximum value of 36 is 
indicated at position No. 4, so data position detection 
is performed at this position. In this case also, further 
iiiprovenients may be added, using the same concept as 
Figure 7. 

Also, in regard to the exanples of Figure 6 to 
Figure 8 described above, if loweicing of qjuality of the 
reproduction waveform, due for exairple to TA, is observed 
at either of the two locations, data position detection 
may be perfoxmed at either remaining location. 
SpeciEically, this is because, since the length of DATA 
93 and ECX: 94 when writing is known, the end position can 
be deduced from the position of the header side, \f*Q.di 
has been established (result of ocrnparison of the 
EIXLSYNC pattern); contrariwise, the header can be also 
be deduced from the end position (result of ccirparison of 
the GAP pattern) . 

Furthermore, in regard to the point where TA has 
occurred, it may be es^jected that data idaitification 
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results will be produced depart! ng from the rec» rded data* 
Consequently, data phase detection performance can be 
ensured by arranging that such portions are not enployed 
as idaitiEied data for data phase detection in data 
synchronization detection. 

Figure 11 is a view given in es^planation of the 
construction of data synchronization detection means 3 
acoarding to the present invention. In general terms, 
data synchronization detection means 3 oorprises data 
phase detection means 30 that g^ierates a data phase 
detection output 12 and data position detection means 40 

y 

O than generates data position detection output 13. 

Serial/parallel conversion output 15 is input to data 

JL.^ synchronization detection means 3. Serial/parallel 

conversion output 15 is of 9 tat width; tite LSB side 

Q signal Is successively input from the MSB side to flip- 

flop 41 to flip-flop 49. It is also ii^t to pattern 
carparison circuits 31 to 34 and EIjO_SYNC conparison and 
coincident bit count circuits 50 to 53. 

In data phase detection means 30, first all pattern 
ocmparison circuits 31 to 34 conpare the SP conversion 
output data with the pattern '0*0*0' in order for example 
to perform the operation of Figure 5. Pattern ccxiparison 
circuits 31 to 34 are of the same circuit layout, with 
their input connection ends being connected as shown in 
the drawing so as to effect a shift of one bit in each 
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case. Hie outputs of pattern ccrnparlson circuits 31 to 34 
are input to count circuits 35 to 38. Hius, a bit 

sequ^oe pattern is generated, comt circuits 35 to 38 
sun the nxjriber of such oocucrenoes. Hie outputs of count 
circuits 35 to 38 are ir^t to phase determination 
circuit 39 vshich determines the data phase by performing 
calculation for determination of the data phase, and 
outputs the deternunation result as data phase detection 
output 12. 

In data position detection means 40, first of all 
comparison vd.th the PIDJSMJC pattern is effected by 
PIXLSXNC carparison and coinci(3fint bit nmiDer count 
circuits 50 to 53. Hie nurriber of coincidait bits is thus 
counted and its value is output. ELO_SYNC ocxiparison and 
coincident bit nurtoer count circuits 50 to 53 are of the 
same circuit layout, with their input connection ends 
being connected as shown in the drawing so as to effect a 
shift of one bit in each case. UhB outputs of PLO_SYNC 
oompacison and coincident bit nijrrfoer count circuits 50 to 
53 are ii^xit to selector circuit 62 and delay means 54 to 
61. The outputs of delay means 54 to 61, delayed by a 
prescribed value, are input to select circuits 63 to 64. 
One phase of PLO_SYNC oonparlson and coincident bit 
nuTiber count circuits 50 to 53, delay means 54, 56, 58 
and 64 or delay means 55, 57, 59, 61 is selected and its 
output is input to switch 65. The output of switch 65 is 
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calculated by data position detennination oixcuits 66, 
and output as data position detection output 13. 

Since in this case it was assuned that the GAP 
pattern is the same pattern as the PLOJSYNC pattern 
(shown by way of exanple in Figure 18) , the delay means 
54 to 61 are used to associate the output of the PIjQ_SXNC 
carparison and coincident bit nuriber count oLrcuits 50 to 
53 with the respective pattern positions, this output 
being shared. Also, in orx3er to produce the action shown 
in Figure 10, switch 65 is controlled by control signal 
68, such as to make available for use only the portion 
which is effective for identification. Control signal 68 
is generated by control ciccuit 67 using the data quality 
signal 69. ^apeact from this, control signal 68 is input to 
data phase detection means 30 and/or delay means 54 to 61 
and/or data position identification ciraiit 66 to perform 
required operations. 

Figure 13 is a view givm in e5q)lanation of the 
construction of a bit shift circuit 4 according to the 
present invimtion. Memory output 17 is input to bit shift 
circuit 4. Memory output 17 is ir^t to the LSB bit side 
of flip-flop 85 and parallel shifter 86. The output 87 of 
flip-flop 85 is ii^t to the MSB bit side of parallel 
shifter 86. Parallel shifter 86 outputs bit-shifted 
output 18 obtained by shifting ti^ input data by a 
prescribed value such that output corresponding to the 
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position of the modulation cxDdeworci partition can be 
acihieved by data phase detection output 12. 

Ihe construction of a further data synchronization 
detection device will now be described using Figure 2. In 
this oonstrviction, reduction of the size of the ciccuitry 
is achieve by serial bit input to data synchronization 
detection means 10. Input data 11 is input to data 
identification means 1. Data identiEication means 1 
performs data identification of the input data 11 and 
ir^juts the data identification output to serial/parallel 
conversion means 5 and data syndhronization detection 
means 10. Serial/parallel conversion means 5 outputs the 
data identLf ication output with a bit width conforming to 
the code mcxaulation bit width, and inputs this to memory 
2. In memory 2 there are successively held idaitified 

data correspondi ng to the reprod vced FLCLSXNC 91 , DATA 93, 

ECC 94, and GAP 95. I>ata synchronization detection means 

10 detects the nurtoer of occurrences of a specified bit 

sequence pattern in each piiase, and, fron this result, 

detects code-modulated codeword partitions of the 

reproduced data, and outputs the result as data phase 

detection output 12. Also, it finds the correlation 

between the PLO_SyNC pattern at the front part of the 

idmtif led data and the GAP pattern at the rear part of 

the identified data, and theoceby detects the codeword 

position that best coincides with these patterns, and 

39 



outputs this as data position detection output 13. Ths 
data position detection output 13 Is input to memocy 2 
and idaitif ied data stored in memory 2 is output fron the 
position corresponding to the data start position and 
input to bit shift circuit 4. Bit shift ctocuit 4 outputs 
the identified data in code word units after performing 
bit shifting in accordance with the data phase detection 
output 12 such that this coincides with the codeword 
partitions; these are then ii^t to code dfimcdulaticn 
means 6. Code demodulation means 6 performs code 
demodulation corresponding to the code modulation that 
was perfomed on information recording, and outputs the 
result as output data 14. 

Figure 12 is a view given in e55>lanation of the 
construction of further data synchronization detection 
means 10. In general terms, data syndhronization 
detection means 10 carprises data phase detection means 
70 that generates a data phase detection output 12 and 
data position detection means 70A that g^ierates data 
position detection output 13. Data identification output 
16 is input to data synchronization detection means 10. 
Data identification output 16 is successively input to 
shift registers 76 to 84. Ohe outputs of shift registers 
76 to 84 are inpat to pattern ccnparison circuits 31 and 
PL0_S5flSfC ccnparison and coincident bit count circuit 50. 
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In data ptiase detection means 70, fixst of all, 
pattern cxxnpaclson clxcuit 31 effects ocnparison with the 
pattern '0*0*0' in order for example to liiplensnt the 
action of Figure 5. Since, in pattern ocnparlson circuit 
31, the data identification output 16 appears shifted by 
one bit at a time with eacii bit clock, bit sequence 
conparison in each pfliase can be effected by a single 
circuit. However, operation has to be performed at eacih 
bit clock, Hie output of pattern ocnparlson circaxLt 31 is 
selected and ir^t to count circuits 35 to 38 by 
demultiplexer 71* When bit sequence patterns are 
generated, count circuits 35 to 38 count the niirtoer of 
occurrences. Hie outputs of count circuits 35 to 38 are 
input to phase idaitification cinooit 39, where 
calculation is performed for data phase identification; 
data phase identification is thereby carried out and the 
idiKitif ication results are output as data phase 
identification output 12. 

In data position detection means 70A, first of all, 
PID_SYISPC ccxrparison and coincident bit count circuit 50 
performs conparison with the KjO_SasiC pattern. Hie number 
of coincident bits is thus counted and its value is 
output. The output of PID_SYISIC ccrrparison and coincident 
bit count circuit 50 is input to selection circuit 73, 
delay means 54 and delay means 55. Delay means 54 and 
delay means 55 deliver the output of PID_SYNC conparison 
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and coincident bit count circuit 50, delayed by 
prescribed values, to selection circuit 74 and selection 
circuit 75, Selection circuits 73 to 75 select one phase 
in accordance with the data phase detection output 12, 
and input the output thereof to switch 65. T3ie output of 
switch 65 is subjected to calculation processing by data 
position identification circuit 66, to detect the data 
position and is thm output as data position detection 
output 13. 

Since in this case it was assured that the GM> 
pattern is the same pattern as the PiXLSXNC pattern 
(shown by way of exanple in Figure 18) , delay means 54 
and delay means 55 are used to associate the output of 
the FLO_SWC ccnparison and coincident bit nixriber count 
caxcuit 50 with the respective pattern positions, this 
output being shared. Also, in order to produce the action 
shown in Figure 10, switch 65 is ccaitrolled by control 
signal 68, such as to make available for lase only the 
portion v*n.ch is effective for identification. Control 
signal 68 is generated by control circuit 67 using the 
data quality signal 69. .?^>art fron this, control signal 
68 is input to data phase detection means 70 and/or delay 
means 54, delay means 55 and/or data position 
identification circuit 66 to perform required operations. 

The layout of Figure 12 performs a ccnpletely 
equivalent action to that of Figure 11. Although the 
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front stage nust operate with the bit cQ.oGk pexiod, the 
size of the circuit can be reduced. 

Figure 14 is a view given in explanation of the 
sequence during inf ontation recording according to the 
present invoition* Uie write data constituting the 
information that is recorded are the EIXLSXNC, DATA, EOC 
and GAP; these are delivered from the magnetic disc 
control circuit, Ttie gate signal WS for writing is 
respectively associated with these. Also, scrambling is 
applied to the DATA and EOC Inf ometion by a scratrbler 
signal for scrainbling the data. As a result, the PLO_SXNC, 
scrambled DATA, scrantoled E(X, and GAP are irecoocded on 
the recording medium. Althou^ in this case the data of 
the GAP section is not scrambled, if the pattern that is 
written Is known, scrambling could be applied. 

Figure 15 is a view given in explanation of the 
sequence 00 information reproduction according to the 
present invention. The PLO_SYNC, DATA, ECX: and GAP 
recorded on the information recording mediun are 
reproduced in correspondaice with the gate signal RG for 
reading. Signals corresponding to P!LO_SYNC, DATA, ECC, 
and GAP appear in the Rre_AMP output, which is the 
reproduction output of the reproduction head. Signal 
processing is performed on this output using a filter or 
equalizer, and data identification is effected by the 
data identification means. 13ie output of this is the ML 
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output, and this has sane delay frcm the Pte_ AMP to 
allow for data identification. Data syndironization by 
the data synchrDnization detection means is performed 
conojrrently with storage of the ML output in memory. A 
delay of the order of about one sector is generated for 
data synchronization detection. When data synchronization 
detection is performed reproduced data is output fran 
memory. What is output frcm memory is DATA and the EGG. 
Code demodulation and descraniDling are performed on the 
memory output so that NRZ data is output. Ilie NE^ data is 
subjected to ECX: error correction processing to obtain 
DATA which is output as reproduced data. Delay in the 
amount of about one to two sectors is then generated due 
to this BCC error correction processing. 

Figure 19 is a view given in es^lanation of the 
circuit diagram of a magnetic disc device. Ihe circuitry 
of the data system oonnpcises, in general terms, an HDA 
(Head_Disc_Assen4)ly) section 301, signal processing 
section 220, and HDC (Hard_Disc_Controller) 214 section. 

First of all, the operation of recording information 
win be described. 

When information is reco33ded, the information to be 
recorded is transferred frcm a supervisory device 202 and 
enters HDC 214. HDC 214 then inputs this throu^ HostJ/F 
302, and Host_FIFO 303, to Bufferjfenager 31 and 
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sccarribler ciieck circuits 306 to 307 for scrarnbler 
identification for data syncteonization detection. 

Bie nutiber of scrarnbler ciheck circuits depends on 
the nuriber of scramblers that are provided as candidate 
scramblers. An example in \ft*rLc!h four are enployed rail be 
described. As the scrantolers \/dTLch are provided, for 
exanple four scramblers are provided, such as two 
scramblers of different generation polynonial f ran the 
original values of the scrarribler in order to prevent the 
situation of data syndhronization with data after 
scranobling beocming iirpossible and, in addition, two 
scratrblers with different scrartoler initial values, in 
order to arrange for a large Hamnning distance from the 
PIiO_SYNC pattern when encoding by scranobling the initial 
data, in order to ensure that data position detection is 
performed accurately. In order to perform data position 
detection aooorately, it is also possible to forcibly 
write a pattern having a large Hanniing distance from the 
PIXLSXNC pattern iirmediately in front of the initial 
data; if this is done, the nvirtoer of scramblers that need 
to be prepared can be reduced. 

Tlie iresults of the scrambler check circuits 306 to 
307 are input to the scrambler identification circuit 308, 
\i4iere the scrambler to be applied is selected, and this 
information is transferred to Buffer JManager 311. 
Bufferjfanager 311 holds in a data buffer 215 the 
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information that is sent thereto f rem the supervisory 
desvice 202 and the sarambler information selected for 
this information. If information recording to magnetic 
disc 211 has beai enabled, the information that is sent 
thereto fncm si:5>ervisory device 202 and the scrantoler 
information selected for this information are transferred 
fron data buffer 215 to signal processing section 220 

throu^ Bufferjfenager 311, Disk _FIPO 314, and switch 316. 
During this process, syndrone generation and a?C 
generation for error correction by syndrone and CRC 
g^ierating circuit 317 are performed, and the information 
is ^3pended throu^ switch 316. 

Signal processing section 220 uses scrambler 
selection circuit 326 to select the scrambler in 
accordance with the scrambler information in the 
transferred information, and uses scrambler cirxxilt 327 
to perform scrambling. After this, data encoding etc are 
performed, and the data are transferred to HDA section 
301, for the information to be recorded on magnetic disc 
211. 

Ihe processing during the data recording according 
to the embodiment described above is shown by way of 
example in the flew chart of Figure 23. 

Next, the operation of reproducing the infonratian 
will be described. 
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When reproducing infonnation, if there is a request 
for information reproduction f rem a si:5)ervisory device 
202, and reproduction of information from magnetic disc 
211 has been enabled, after passing fron magnetic disc 
211 and throu^ reproduction magnetic head 212-2, Channel 
331 that perfouns waveform equalisation etc, and data 
identification means 1, data identification is performed. 
Hie identified data is input to memory 2 and data 
synctoonization detection means 3, vtere data 
syndhronization is performed, and the sfynchronized data 
as output fron bit shift circuit 4 and, after being 
subjected to code (tenodulation by code demcxiulation means 
6, the data is transferred to HDC 214. 

HDC 214 ii^ts the transferred data to manory 321 
and descramblers 319 to 320. These descramblers 
correspond to the scrantoler c±iedk circuits 306 to 307 
vten recording, and are of the same nixrber. Syndrxxte 
calculation for error correction is perf ormed by syndrome 
calculating circuits 323 to 324 in accordance with the 
data descrarribled by descramblers 319 to 320. 

Hie syndrone calcxOation circuits also match the 
nuntoer of descramblers. Using the outputs of syndrome 
calculation circuits 323 to 324 which perform syndrome 
calculation, a descrarbler is decided \jpon by using the 
descrarrfoler determination circuit 325 to determine the 
respective nuniDer of errors and thus to decide which of 
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these has the smallest nurrtoer of errors. If there is 
nothing that is capable of error cxjrrection, an error 
that is incapable of correction by any means is deemed to 
have occurred and the fact that an uncorrectable error 
has occurred is reported throu^ WCS 313 etc that 
controls the recording and reproduction operation, so 
that the necessary action, such as retryiag, can be 
performed. Errors of a range that is c^)able of 
correction will new be described. 

Descrantoler circuit 322 selects a descrantoler in 
accordance with the descrambler information determined by 
descrarribler determination circuit 325 and descrantoles the 
data from memory 321. Using the descrantoled data and 
error information from descrambler determmation circuit 
325, error correction circuit 318 corrects data errors 
and, passing the data throu^ DisIc_FIPO 314 and 
Bufferjfenager 311, tenporarlly stores the data in data 
buffer 215. 

If data transfer to the supervisory device 202 has 
been enabled, data transfer to si5)ervisory device 202 is 
effected from data buffer 215 throu^ Buffer_Manager 311, 
Host_FIPO 303, and Host_I/F 302. 

An example of data reproduction processing in 
accordance with the entoodlment described above is 
illustrated in the flow chart of Figure 24. 
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Figure 20 is a diagram iJLlustratiag an exarrple of 
the cdrcuit layout in a magnetic disc device according to 
a modified exarrple. In the exarrple of Figure 19, the 
oonstnjction was such that a descramblea: was selected for 
vSiich the nuriber of errors was a minlirun, by error 
correction syndrome calculation. In the construction of 
the modified exarrple of this Figure 20, the advantage is 
obtained that error correction during reproduction can be 
performed independently of a descrarribler by generating 
error correction syndromes for scrambled data. In general 
terms, the data sfystem circuitry comprises an HDA section 
301, signal processing section 220, and a HEX: 
(Hard_Disk_Controller) 214 section. 

The operation of recording inf orrration will now be 
described. 

When information is to be recorded, information to 
be recorded Is transferred from supervisory device 202 
and enters HDC 214. In HDC 214, input is performed 
throu^ Host_I/F 302, Host_FIPO 303 to Buffer_Manager 311 
and scranfoler check circuits 306 to 307 for deciding on a 
scrarribler for data synchronization detection. 

IJie scrantoler check circuits are as described above, 
in accordance with the nuriber of scrarriblers prepared as 
candidate scramblers. 

The results of the scranbler check circuits 306 to 
307 are input to scrarnbler determination circuit 308 when 
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the scararribler to be ^plied is selected, and this 
Information is transferred to Buffer_Manager 311. 
Buffer_Manager 311 holds in data buffer 215 information 
sent fron si5)ervisory device 202 and the scrambler 
information that is selected by this information. If 
recording of information on magnetic disc 211 has beccme 
enabled, the information arriving from si:5)ervisory device 
202 and the scraEnbler information selected by this 
information are transferred from data buffer 215 throu^ 
Buffer_Manager 311, DiskJTTO 314, switch 332, scrarbler 
circuit 327, and switch 316 to signal processing section 
220. Scrambler selection of sarantoler circuit 327 is 
performed by scrambler selection circuit 326 in 
accordance with the scrambler information in the incoming 
information. Also, en route, CEC generation is performed 
by CPC gaierating circuit 334, so that this can be input 
to scrantoler circuit 327 by switch 332. Scrantoling is 
performed on the CRC that has beai added to the data by 
syndrome generating circuit 333, so that this can be 
transferred to signal processing section 220 by switch 
316. 

Signal processing section 220 performs data ^coding 
etc. before transferring the data to HDA section 301, 
v*iere the information is recorded on magnetic disc 211. 

Next, the operation of information reproduction will 
be described. 
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In reproducing infonration. If thiere is a request 
for inf ormation reproduction frcm sipervisory device 202 
and reproduction of information frcm magnetic disc 211 is 
enabled, data identification is performed from magnetic 
disc 211 throu^ reproduction magnetic head 211-2, 
Channel 331 that perfonns waveform equalization etc, and 
data identification means 1. Tlie identified data is input 
to memory 2 and data synchronization detection means 3 
viiere data syncihronization is perf omed and the 
synchronized data is output f rcxn bit shift circuit 4 and 
code demodulated data is transfeixed to HEX: 214 by code 
demodulation means 6. 

HOC 214 Inputs the inccming data to disc_FIPO 314, 
syndrcme calculation circuit 337 and (Scramblers 319 to 
320. Tiya data that is input to disc_FIPO 314 passes 
throu^ Buf ferjfenager 313 and the data is then 
teitpDrarlly held in data buffer 215. Syndrcme calculation 
circuit 337 perf ouns syndrome calculation and error 
corcection calculation based on this; if there is an 
error, the data in the data buffer 215 is corrected 
throu^ Buffer__Manager 311. Hie desaran*>ler descrambles 
the reproduced data. The result is input to CRC check 
circuits 335 to 336 and the CRC calculation result after 
correction is found fron the error information found by 
CRC calculation and syndronre calculation circuit 337. 
This result is input to the scrambler determination 
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cnrcuit so that a (Ml calculation result without error is 

selected for descrambling. These scramblers correspond to 

the scrambler Gheck circuits 306 to 307 on recording and 

are the same in nuriber as in the previoijs exanple. If 

errors cannot be eliminated by the CRC calculation, an 

error that is inc^jable of correction by any means is 

deemed to have occurred and this is reported throu^ WCS 

313 etc that controls the recording and reproduction 

operation, so that the necessary action, such as retrying, 

can be performed. Errors of a range that is capable of 

correction will now be described. 

Tlie descrambler information that has been found is 
held in data buffer 215 together with ttie data, after 
passing throu^ Bufferjfenager 311. 

If data transfer to a si5)ervisory device 202 is 
enabled, data and descrambler information are read from 
data buffer 215 throu^ Bufferjfenager 311, as a result 
of ^^licih descrambler selection circuit 309 selects a 
descrambler of descrambler circuit 310 and executes 
descrambling; data transfer to supervisory device 202 is 
then performed throu^ Host_FIPO 303 and Host_I/F 302. 

Figure 21 is a diagram illustrating the circuit 
layout in a magnetic disc device according to yet to a 
further mcxiified exarrple according to this embodiment. 

In the exanple of Figure 20, a oonstnaction was 
adopted in which reliable data error correction was 
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adhiesved by error cxHxection syndrcme calculation being 
performed on the scrambled data. In addition, in this 
case, the construction is such that error correction and 
descrambling can be more reliably performed by, in the 
event of data recording, recording together with the 
scrambler information on a magnetic disc 211 constituting 
the information recording medium and, in the event of 
data reproduction, also reproducing the scrairbler 
information together with the data. Bie circuitry of the 
data system ccmprises, in gmeral terms, an HDA section 
301, signal processing section 220, and WC 
(Hard_Disc_Controller) 214 section. 

First of all, the action on information recording 
win be described. 

The circuit construction and action on information 
recording are the same as in the case of Figure 20. 
However, when selection of the scrambler of scrambler 
circuit 327 is performed by scrarttoler selection circuit 
326 in accordance with the scr a ibler information, of 
the scrantoler information without exception is 
transferred to the signal processing section 220. 
Furthermore, signal processing section 220 transfers the 
scrambler information to HDA section 301 together with 
the data and records it on magnetic disc 211. 

Next, the action on information reproduction will be 
described. 
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Vihen reproducdiig information, if there is a request 
for information reproduction f rem a si5)ervisory c3evioe 
202, and reproduction of information from magnetic disc 
211 has been enabled, after passing f3xm magnetic disc 
211 and throu^ reproduction magnetic head 212-2, Channel 
331 that performs waveform equalization etc, and data 
identification means 1, data identification is performed. 
Hie identified data includes the previously recorded 
scrarrtoler information. Hie identified data is ir^t to 
memory 2 and data synctoonization detection means 3, 
Where data syncihronization is performed, and the 
synchronized data is output from bit shift circuit 4 and, 
after being subjected to code demodulation by code 
demodulation means 6, the data is transferred to HOC 214. 

HDC 214 ir^ts the transferred data to Disik_FIPO 314 , 
syndrome calculation circuit 337 and descranft^lers 319 to 
320. The data that has be^ ir^t to DisK_FIPO 314 passes 
throu^ Buff€r_Manager 311 and is teirpararily held in 
data buffer 215. The data that is tenporarlly held in 
data buffer 215 also includes scrambler information. 
Syndrome calculation circuit 337 performs syndrome 
calculation and error correction calculation based on 
this, and, if errors are present, corrects the data in 
data buffer 215, throu^ Bufferjfanager 311. 

DescraniDler(l) 319 to DescramblerCn) 320 descranible 
the reproduced data. The result of this is input to CRC 
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ciheck circuits 335 to 336 and the corrected CRC 
calculation result is found from the CRC calculation and 
the error information found by syndrcme calculation 
ciraait 337. Tliis result is input to error correction 
decision circuit 339, \in.cix decides whether the error 
correction processing vias correct or not. If an error is 
present, tiie fact that an imoorrectable error has 
occurred is reported throu^ WCS 313 etc that controls 
the recording and reproduction operation, so that the 
necessary action, sucih as retrying, can be perfoimed. Ohe 
processing in descrani3lers 319 to 320, CRC check circuits 
335 to 336, and error correction decision circuit 339 is 
arranged and operates in this way, in order to effect 
iimediate detection of the presence of errors in the 
reproduced information. If there is sufficient margin in 
terms of time and circuitry for such processing, it is 
also possible to identify the presence of mis-carrection 
in the error correction by using the reproduced scrambler 
inf omation to perform descrambling on the error- 
corrected data, before performing CRC calculation 
processing. 

If data transfer to the supervisory device 202 has 
been enabled, data and descrambler information are read 
throu^ Buffer_Manager 311 from data buffer 215, and a 
descrambler of descranflDler cirmit 310 is selected by 
descrarrbler selection circuit 309, and descrambling is 
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perfonned; data transfer is then effected to sipervisory 
device 202 throu^ Host_FIPO 303 and Host_I/F 302. 

Figure 16 is a view given in e5?)lanation of a time 
chart and format when writing scrambler information of 
the exarcple of Figure 21 to magnetic disc 211. 

Hie Write_Data constituting the information that is 
recanSed caiiprises PID_SXNC 91, scratrtoler information SCR 
97, DATA 93, ECC 94 and GAP 95; these are sent from the 
magnetic disc control circuit. Uie gate signal WG for 
writing is associated with these. Also, scrarribling is 
^plied to the DATA and BCX3 information by means of the 
scrantoler signal in order to scrannble the data. As a 
result, the HjO_SYNC 91, SCR 97, scrambled DATA 93, 
scrantoled ECX: 94 and GAP 95 are recorded on the reoording 
medium. In this case, no scraibling was ^aplied to the 
data of the GAP section, but, if the written pattern is 
known, scraniDling could be ^plied. 

Figure 17 is a view Illustrating a time chart and 
format in the case of reproduction of scrambler 
information of the example of Figure 21 from a magnetic 
disc. 

The FLD_SmC 91, SCR 97, DATA 93, EC3C 94 and GAP 95 
that are recorded on the information reoording mediim are 
reproduced in correspondence with a gate signal PG for 

purposes of reading. Signals corresponding to PLO_SYNC 91, 
SCR 97, DATA 93, ECC 94 and GAP 95 ^3pear in the Pre_AMP 
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output, whicli is the ireprxxSuction output of the 
repacoc3uction head. Signal processing is performed on this 
output using a filter or equalizer, and data 
identification is effected by the data identiEication 
means. Uie output of this is the ML output, and this has 
seme delay f ran the Pre_ AMP output to allow for data 
identification. Data syndironization by the data 
synchronization detection means 3 is performed 

concurrently with storage of the ML output in memory (1)2. 

A delay of the order of about one sector is g^erated for 

data synciironizatian detection. When data synchronization 

detection is performed reproduced data is output from 

memory 1(2). What is output fron memory 1(2) is SCR 97, 

DATA 93 and EOZ 94. Code demodulation and descrambling 

are performed oti the memory output so that NRZ data is 

output. The NE^ data is subjected to ECC error correction 

processing to obtain SCR 97 and DA13^ 93 \(*u.cih are output 

as reproduced data. Delay in the amount of about one to 

two sectors is thm generated due to this BGC error 

correction processing. 

It should be noted that, althou^, in an example 
v*iere a scratribler is enployed, EIjO_SXNC 91 and DATA 93 
are not directly adjacent, since SCR 97 is the scrambler 
of the data, it can be considered as part of DATA 93. 
Hiis can therefore be regarded as an exanple where 
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PJXLSasc 91 and DATA 93 are adjacent, in the same way as 
the exarrple described in Figure 18. 

Figure 22 illustrates an example of a magnetic disc 
device employing a data syncihronization detection 
tedmique in aoocrdanoe with this embodiment. Magnetic 
disc device 201 ccnprises magnetic disc 211, magnetic 
head 212, RA^ AMP 213, HDC 214, microcornputer 223, data 
buffer 215, servo processing circuit 216, mechanical 
system driver 217, VCM 218, motor 219 and signal 
processing section 220. Signal processing section 220 
includes signal processing means of constmction as 
described above or signal processing means of another 
coi^truction according to the present invention, or data 
synchronization detection means of the construction 
described above or data synclironization detection means 
221 of another construction according to the present 
invention. HDC 214 ccnprises an HDC of the construction 
described above, or an HDC of another construction 
according to the present invention. 

Magnetic disc device 201 of this construction can be 
inplemented by a magnetic disc device in vdiich there are 
few data synchronization detection errors. Also, magnetic 
disc device 201 of this constr\K:rtion makes it possible to 
inplement a magnetic disc device in ^Aiich the format 
efficiency of the magnetic disc 211 which is the 
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information reoording mediim is impnoved so that more 
user data can be stored* 

As descnbed above, with the data synchronization 
detection technique of this erribodiment, data 
syncihronizatian detection can be realized using the code- 
modulated data itself that is to be reoorded/reprxxauoed, 
thereby making it possible to match the data 
sync±ironization detection performance with, the data 
identification performance. Also, statistical processing 
can be performed using all the ordinary code-modulated 
data. Accurate data syncihronization detection can thereby 
be achieved with few errors. 

Also, a data synchronization signal region whidh was 
provided in a conventional data format is conpletely 
unnecessary, and there is no need to record a data 
synchronization signal even on the information recording 
mediun such as the magnetic disc 211, so an improved 
format efficiency of the information recording mediixn can 
be achieved. 

Althou^ the invention made by the present inventors 
has been described in detail with reference to an 
erribodiment, the present invention is not restricted to 
the above embodiment and could of course be altered in 
various ways without departing frcm its essence. 

For example, althou^, in the above description, a 
magnetic disc device was taken as an exarnple in the 
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description of a data synciironization signal detection 
technique according to the present invention, this could 
alternatively be enployed also in signal processing 
citxaxLts for information processing, integrated circuits, 
magneto-optic disc devices, optical disk devices and 
floppy disk devices. 

Hie preset invention can be used in ooribination 
with a format for writing a data synchronization signal 
on a recording mediun according to the conventional 
method. Also, information recorded in the format produced 
by the convimtional method can be reproduced by the 
method of the present invention. 

Althou^ in the description relating to the present 
invention up to this point, the case was described in 
which data synchronization detection was arranged to be 
performed using the data inEormation of a single sector, 
i£ data synchronization detection is possible using data 
collected at an intermediate point of a sector, 
identification oouM be performed at that tdire-point. 

AlthoQ^ the description relating to the present 
invention up to this point was givm for the case of 8/9 
code modulation, other code conversions are also possible 
and it could also be ^plied to coding rates of 16/17, 
32/34, or 64/65 etc. 

;^)art frcm the practical esKartples described above, 
the present invention could also be applied to a so- 
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called split sec±or format, in ^ft*liGll the data sector is 
split by a servo region. 

Data position detection could also be performed by 
accessing data in memory after data phase detection has 
been achieved. 

The data synchronization detection method of the 
present invention could also be implemented by software 
processing. 

Acoording to the present invention the benefit is 
obtained that, when perfoocming data synchronization 
detection, detection errors can be reduced. 

Also acoording to the present invention the benefit 
is obtained that the data synchronization detection 
performance can be iirproved corresponding to or ejsoeeding 
innprovement in reproduction performance of the data 
section. 

Also according to the present invention the benefit 
is obtained that the format ef f iciaicy of the information 
recording median can be iirproved. 

Also according to the present invention the benefit 
is obtained that a data synchronization detection device 
with little detection error and an information 
recording/reproduction device canprlsing this can be 
provided. 
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